Enhanced ubiquitylation and accelerated degradation of the dopamine transporter mediated by protein kinase C.
Dopamine transporter (DAT) localization in dopaminergic neurons plays an important role in regulating dopamine signaling. However, the mechanisms of DAT trafficking that control DAT localization are still poorly understood. To gain insight into these mechanisms, human DAT was purified in large amounts using a two-step affinity chromatography procedure from untreated HeLa cells or cells treated with phorbol 12-myristate 13-acetate (PMA). Mass spectrometric analysis of purified DAT complexes revealed the presence of several proteins, among which ubiquitin was particularly abundant in the PMA-treated sample. Western blotting of highly purified DAT protein confirmed constitutive ubiquitylation of DAT and a dramatic increase in DAT ubiquitylation in cells treated with PMA. This increase was blocked by pretreatment with the protein kinase C (PKC) inhibitor bis-indolylmaleimide. DAT ubiquitylation by ectopically expressed ubiquitin was demonstrated in cells transiently transfected with yellow fluorescent protein-tagged ubiquitin. In addition, fluorescence resonance energy transfer was detected between cyan fluorescent protein-tagged DAT and yellow fluorescent protein-tagged ubiquitin, indicative of DAT-ubiquitin conjugation. Interestingly, the largest fluorescence resonance energy transfer signals were observed in endosomes. Ubiquitylated DAT was detected in the plasma membrane using cell surface biotinylation as well as in intracellular compartments, suggesting that ubiquitylation begins at the plasma membrane and is maintained in endosomes. In both porcine aortic endothelial and HeLa cells, where PKC-dependent DAT ubiquitylation was observed, PKC activation resulted in rapid degradation of DAT (t12 = 1-2 h). Altogether, these data suggest that PKC-induced DAT ubiquitylation may target DAT to lysosomal degradation.